Two isozymes of 3-deoxy-D-arabino-heptulosonate 7-phosphate synthase are partitioned into plastid (DS-Mn) and cytosolic (DS-Co) compartments of at least several higher plants (RA Jensen 1986 Rec Adv Phytochem 20: 257-258 cytosolic isozyme (DS-Co) in Nicotiana silvestris (3, 7). A rationale and supporting evidence that part or all of the aromatic amino acid pathway is present in both subcellular locations of higher plants have been presented (9, 10).
the timing of their expression was observed during growth of Nicotiana silvestris in suspension culture. The ratio of DS-Co to DS-Mn varied about fivefold in comparison of the different physiological stages of growth. Cultures maintained in exponential phase for >10 generations (EE cells) possessed balanced-growth properties and did not exhibit the considerable variation of isozyme levels found during the initial 2 to 3 generations of exponential growth (E cells) that followed subculture of stationary-phase cultures. The plastid isozyme level declined substantially in stationary phase, responded immediately to subculture, and reached a peak in early exponential growth similar to the steady-state level of DS-Mn in EE cells. In contrast, the cytosolic isozyme level peaked in late exponential growth. A recent history of stationary-phase physiology appeared to foster elevated synthesis of DS-Co since the steady-state level of DS-Co in EE cells was much lower than in E cells.
Cell populations from higher plants grown in (3, 7) . A rationale and supporting evidence that part or all of the aromatic amino acid pathway is present in both subcellular locations of higher plants have been presented (9, 10 (2) , and denoted EE cells have been maintained in a routine of uninterrupted exponential growth for up to 2 years. Such EE cells are expected to be free of significant carryover of enzymes and metabolites that may be preferentially formed in stationary-phase physiology, thereby approaching steady-state levels of macromolecules that define balanced growth. In the present study we have determined the levels of plastid and cytosolic isozymes of 3-deoxy-D>arabino-heptulosonate 7-P synthase during the progression of cells through lag, exponential, and stationary phases of a growth cycle, and in turn compared these levels to the quasisteady-state levels present in cells maintained continuously in exponential phase.
MATERIALS AND METHODS
Growth Conditions and Cell Populations. Suspension-cultured cells were grown as previously described (2) The soluble protein content was determined on each day after stationary-phase cells were diluted into fresh medium. As has been found elsewhere (10) , a marked change in the protein content occurred late in the lag phase ( Fig. 2A) , increasing from 88 mg protein/g dry weight at the time of dilution to 176 mg/g on d 2. During this time interval the cells must synthesize macromolecular constituents necessary for the transition to exponential-phase physiology (Fig. 1) . Throughout exponential growth, the protein content remained at a high level and then decreased as cells neared stationary phase. The protein content of EE cells was similar to the high levels found in E cells at d 2 to 3.
The specific activity of the plastid isozyme, DS-Mn (Fig. 2B From subculture until d 1, DS-Co levels declined whether related to soluble protein or to dry weight (panel C), probably the consequence of slight dilution by growth since total DS-Co (panel D) remained level. The synthesis of DS-Co between d 1 and 2 resulted in an increased level when related to dry weight, but a decreased level when expressed as specific activity. As with DS-Mn, this indicates that DS-Co is a relatively small proportion ofthe total soluble protein made in the burst ofsynthesis between days 1 and 2. However, throughout midexponential phase and early-stationary phase (d 3-6) DS-Co increased in specific activity. Since DS-Co levels did not increase when related to dry weight, this indicates that DS-Co must have become a relatively large proportion of the soluble protein synthesized between days 3 and 6. Note that total cumulative units of DS-Co increased steadily through at least d 5.
The level of DS-Co in EE cells was found to be lower than seen at any physiological stage of a growth cycle initiated with stationary-phase cells. This observation applied whether isozyme activity was related to soluble protein or to dry weight. We suggest that the increasing specific activity of DS-Co from d 3 is triggered by a regulatory mechanism that senses impending stationary-phase physiology. That DS-Co in E cells fails to decline to the level which is truly characteristic of exponential-phase physiology must be due to a phenomenon of carryover. Once exponential-phase cells are ten generations or more removed from a history of stationary-phase physiology (EE cells), isozyme DS-Co exhibits a reproducibly low level of activity that may be the basal activity characteristic of exponentially dividing cells during balanced growth.
The nonparallel relationships shown in Figure 2 The independent variation in isozyme levels during growth of cultured cells of N. silvestris suggests some form of control whereby the relative levels of the two isozymes are programmed by the physiological state ofthe cell population. Under conditions of active primary metabolism and protein synthesis (i.e.) late in the lag phase), the plastid-localized DS-Mn was at its highest level. The cytosolic isozymes of both chorismate mutase and DAHP synthase are proposed to function within a biochemical network that provides precursors for secondary metabolism in addition to supporting primary protein synthesis in the cytosol (6) . The increased levels of DS-Co in stationary phase would be in line with this hypothesis. The basal level of DS-Co in EE cells may reflect the level appropriate for support of protein synthesis in the cytosol during active primary metabolism, whereas the higher levels observed in E cells may reflect an additional increment supporting the demands of secondary metabolism. In this connection it is suggestive that the level of cytosolic chorismate mutase was much higher in organismal tissue than in exponentially growing cells (4) . The phenomenon of secondary metabolism is thought to occur in organismal tissue under physiological conditions that resemble the stationary phase ofthe growth cycle with cultured cells (5, 8, 9, 11, 12) . If the elevation of DS-Co does indeed reflect an event of preparation for secondary metabolism, the timing in late exponential/early/ stationary growth seems appropriate.
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